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As a complex dynamic system, the brain is never in exactly the same state twice. Spontaneous Cortical state switched spontaneously from desynchronized to synchronized about 2/3 of the way through the recording. Blue and red horizontal lines indicate the duration of the desynchronized and synchronized periods, respectively. Inset, SI histogram for all 3.5 h of natural scene movie recordings.
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The copyright holder for this preprint (which was not . http://dx.doi.org/10.1101/031765 doi: bioRxiv preprint first posted online Nov. 14, 2015; recordings. Power is in decibels relative to 1 mV 2 . Horizontal lines mark the limits of the low (L) and high (H) bands used to calculate SI. On this log-log scale, the low band is roughly centered on the broad peak at ∼ 2 Hz. Some of the attenuation below 1 Hz is due to analog filtering during acquisition. The narrow positive peak at 66 Hz corresponds to the movie frame rate, and the narrow negative peak at 60 Hz is from filtering out mains interference (Experimental Procedures). (g) Same as (f) but split into synchronized (red) and desynchronized (blue) periods, showing greater low frequency power in the synchronized state. (h) SI (mean ±1 standard deviation) covaried positively with LFP peak-to-peak amplitude (V pp , 0.25 mV wide bins).
clips were presented in these 6 recordings. Response event amplitude was quantified as the height unit by calculating the trial-averaged MUA (e.g., Fig. 10d ) from all single units, excluding the 173 single unit of interest, and correlating that with the unit's PSTH (Experimental Procedures).
174
This was done for all single units during both cortical states. Fig. 9a shows the distributions of
175
MUA coupling across the population. MUA coupling was significantly greater in the synchronized 176 than desynchronized state (Mann-Whitney U test, p < 6 × 10 −5 ). Single unit response reliability 177 was significantly and positively correlated with MUA coupling, in both cortical states (Fig. 9b) .
178
However, response sparseness was not significantly correlated with MUA coupling in either state
179
( Fig. 9c) . . Although difficult to see in this layout, visual inspection revealed that the last two units in the second recording (g,h) shared several response events that fell within a few ms of each other.
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190
and MUA trace was also measured (for LFP, sparseness of the absolute value of the signal was 191 used). Response sparseness was also significantly greater in the synchronized state (Fig. 10c,f ) . 
13
. saccades generated by manually rotating the camera with short, quick motions. This resulted in 205 a highly kurtotic distribution of global motion within the movies (Fig. 11b) . The correlation 206 between responsive PSTHs and global motion was weakly positive, and significantly greater in the 207 synchronized than desynchronized state (Fig. 11c,d , mean values of 0.091 and 0.041 respectively).
208
This was when calculated at a delay of 30 ms (2 movie frames) between stimulus and response.
209
The mean PSTH-motion correlation as a function of stimulus-response delay is shown in Fig. 11e .
210
Not only was it greatest in the synchronized state at a delay of 30 ms, but stimulus-response 211 delay modulated PSTH-motion correlation more in the synchronized than desynchronized state.
212
In comparison, single unit responses were much more weakly correlated with global movie contrast 213 and luminance (taken as the standard deviation and mean, respectively, of the pixel values of each 214 frame), and did not differ significantly as a function of cortical state (Fig. 12) . However, both 215 contrast and luminance were again more strongly modulated as a function of stimulus-response 216 delay in the synchronized than desynchronized state (Fig. 12c,f ) .
217
The sudden global motion of a movie saccade is highly salient, and may be enough to simul- 
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The copyright holder for this preprint (which was not . http://dx.doi.org/10.1101/031765 doi: bioRxiv preprint first posted online Nov. 14, 2015; For display purposes, units that were nonresponsive in a given state were assigned a value of −1 (gray). Excluding these, significantly more units fell below the dashed y = x line than above it (83%, 86/104, p < 3 × 10 −11 , χ 2 test). Arrow denotes the example unit shown in (a). (d) Distribution of the points in (c) in the synchronized (red) and desynchronized (blue) state, excluding points assigned a value of −1. Arrows denote means. PSTH-motion correlations were significantly higher in the synchronized state (Mann-Whitney U test, p < 0.03). (e) Mean PSTH-motion correlations in both states as a function of delay between stimulus and response. PSTH-motion correlations peaked at 30 ms and were more strongly modulated by delay in the synchronized state.
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. CC-BY 4.0 International license peer-reviewed) is the author/funder. It is made available under a The copyright holder for this preprint (which was not . http://dx.doi.org/10.1101/031765 doi: bioRxiv preprint first posted online Nov. 14, 2015; (a) At 45 ms delay, fewer units (black) fell below the dashed y = x line than above it (36%, 37/104, p < 0.004, χ 2 test). (d) At 45 ms delay, more units fell below the dashed y = x line than above it (62%, 64/104, p < 0.02, χ 2 test). For a significance threshold of p = 10 −6 , neither χ 2 test was significant, while that in Fig. 11c was. (b,e) Distributions corresponding to (a,d) . In both cases, means were not significantly different between the synchronized (red) and desynchronized (blue) state (Mann-Whitney U test, p values shown). (c,f) Mean PSTH-contrast and PSTH-luminance correlations in both states as a function of stimulus-response delay, which peaked at 45 ms and 60 ms, respectively. Both were more strongly modulated by delay in the synchronized state, as was the case for PSTH-motion correlations (Fig. 11e) . response events should decrease. Although response events were indeed more likely to occur shortly 227 after a movie saccade than at other times (Fig. 13a) , the above prediction did not hold: response 228 precision was only very weakly correlated with time since the last preceding movie saccade, and 229 significantly so only in the desynchronized state (Fig. 13b) . In addition, response sparseness was 230 insignificantly correlated with movie motion sparseness (Fig. 13c) . Movie saccades are therefore 231 not likely responsible for the greater precision and sparseness of responses in the synchronized than 232 desynchronized state.
233
Discussion
234
Single unit responses to natural scene movie clips consisted of barcode-like response events (Fig. 3-235 Fig. 5), some as little as 10 ms in duration (Fig. 6a) . Across the population of units, there was great 236 diversity in the patterns of response events, as shown by the low mean pairwise signal correlations 237 between units (Fig. 8c) . There was also a surprisingly wide range of mean firing rates, most below 238 1 Hz, which approximately followed a lognormal distribution (Fig. 8b) , in line with an increasing ( Fig. 8a) , and low enough to preclude bursting as a major component of response events.
242
There are a handful of existing reports of such temporally precise, reliable and sparse responses precision is retained at all.
LGN inputs constitute only a small fraction of synapses onto (mostly 254 layer 4) cortical cells, yet these inputs are very effective at driving the cortex (Ahmed et al., 1994) .
255
In addition to the high effectiveness of LGN-V1 synapses, convergent event-like input from LGN relative to a stimulus, and therefore relative to each other as well.
264
The spectral content of deep-layer LFP under anesthesia showed that cortical state sponta-
265
neously switched between two extremes: the synchronized and desynchronized state (Fig. 1c , 
274
Single unit responses to natural scene movie clips were more precise, reliable and sparse in the 275 synchronized than desynchronized state (Fig. 6) Fig. 6 were repeated for a range of 2σ values (10-100 ms), and the conclusions were independent of the precise value chosen.
477
Detecting response events in a trial raster plot is a clustering problem: how do spike times 478 cluster together into response events, with temporal density significantly greater than background 
491
The mean firing rate of each unit in a given cortical state (Fig. 8b) 
504
Multiunit activity (MUA) (Fig. 10d-f ) was calculated by combining the spike trains of all 
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